SUMMARY The lactulose/L-rhamnose urinary excretion ratio during continued infusion of milks containing both sugars was used as an index of the permeability of the neonatal bowel to large and small molecules. Healthy infants of gestational age 31-36 weeks proved to have a period of enhanced permeability to lactulose during the first week of life, the lactulose/L-rhamnose excretion ratio being significantly higher on day 2 than on days 9 or 16 when a mature pattern of permeability could be seen. In infants traumatised by asphyxia or sepsis this change was much less pronounced. Healthy preterm infants of gestational age 26-29 weeks showed a 'mature' pattern of permeability at birth, followed by a temporary period of enhanced permeability after 3-4 weeks of life. It is proposed that enhanced permeability to larger molecules is a specific temporary condition of the neonatal bowel in man as in other mammals, but the immunological implications in man remain to be established.
The lining of the adult gastrointestinal tract acts as a barrier restricting the passage of large molecules. In neonatal mammals gastrointestinal permeability to large molecules is known to be enhanced and intact immunoglobulins from maternal milk may be absorbed by pinocytosis.1 The term 'gut closure' describes the subsequent reduction in permeability to an 'adult' pattern. In the human neonate immunoglobulins are largely acquired transplacentally and the role of the bowel has not been fully elucidated. Although there is evidence that intact proteins and other macromolecules may permeate the bowel both in healthy infants and adults,2 3 proof that this transfer is enhanced during the human neonatal period is inconclusive. Thus, although antibodies to food allergens are more in evidence during early infancy than later in life,4 this could equally represent an alteration of immune response or of antigen permeation. Similarly, the pronounced lactosuria during the first week of life described by Bickel5 might be the result either of a transient increase in gastrointestinal permeability or of a temporary lactase deficiency. The disaccharide lactulose which resists the action of human intestinal hydrolases6 appears to provide a means of distinguishing these possibilities.7
The state of gastrointestinal permeability may be expressed by comparing the absorption of markers of different sizes.8 9 As part of a study of gastrointestinal function in preterm infants a method for assessing gastrointestinal permeability using lactulose and L-rhamnose was developed for use in human neonates. Patients.
Methods

Group 1
The 29 healthy preterm infants in this group had a mean gestational age (according to Dubowitz et al.12) of 34 weeks (range 31-36) and a mean weight of 1721 g (1150-2290). All had Apgar scores greater than 5 at one minute and 10 at ten minutes. None had suffered respiratory distress or required intravenous therapy, and all were asymptomatic and on full oral feeding by the second day of life when the first test was carried out. If possible further tests were performed on the 9th and 16th days.
Group 2
The 7 infants in this group had a mean gestational age of 27-5 weeks (range 26-29) and a mean weight of 1040 g (range 870-1500), and all fulfilled the Apgar criteria described above. Two of these infants suffered recurrent apnoea during the first 3 weeks of life and four had intravenous fluids. All had started oral feeding by the 4th day of life. Tests were carried out at weekly intervals if possible.
Group 3
The 5 infants in this group had all suffered severe perinatal insults. Their mean gestational age was 37-5 weeks (range 33-40) and their mean weight was 3140 g (range 1390-5300). Three of these infants suffered severe birth asphyxia with Apgar scores less than 5 at ten minutes. One developed streptococcal meningitis on the second day of life and one suffered severe polycythaemia and hypoglycaemia.
An additional control group of 30 healthy children and adults was studied. After an overnight fast they each took an isotonic oral load containing lactulose 5 g and L-rhamnose 1 g. Urinary excretion of lactulose and L-rhamnose was determined from a subsequent 5-hour urine collection.
All these studies were approved by the hospital ethical committee. The infants in group 1 had a significantly higher lactulose/L-rhamnose excretion ratio on day 2 than on day 9 (Fig. 1) indicating an increased gastrointestinal permeability to larger molecules in the first week of life. No explanation was apparent for the very high lactulose/L-rhamnose excretion ratio in 5 infants from group 1 (Fig. 1) although they appear to form a separate group. These infants have been included in the non-parametric statistical analysis. There was no significant change in permeability between the 9th and 16th day in this group. The extremely preterm infants in group 2 do have a period of increased permeability with high lactulose/ L-rhamnose excretion ratio, but it occurs later in life when the infants are 3-4 weeks old (Fig. 2) The damaged infants in group 3 have a higher lactulose/L-rhamnose excretion ratio on day 2 than on day 9 (Fig. 3) , but the extent of this increased permeability on day 2 is significantly less than that observed in the healthy infants from group 1. The healthy children and adults had a lactulose/Lrhamnose excretion ratio of 0 * 04 ± 0*02.
Discussion
The lactulose/L-rhamnose urinary excretion ratio after simultaneous ingestion of these two sugars was used as an index of the permeability of the bowel to large and small molecules. The suitability of these two sugars, which pass across the intestinal wall by unmediated diffusion and are fully excreted into the urine after reaching the blood stream, for assessing intestinal permeability by this indirect method, has already been established.6 9 As has been shown, these sugars also resist degradation by upper intestinal flora when added to infant feeds.
The percentage of L-rhamnose absorbed after oral administration of isotonic test solutions is 20 to 30 times greater than that of lactulose. Thus healthy children and adults demonstrate a lactulose/Lrhamnose percentage urinary excretion ratio of 0 04 ± 0.02, to be regarded as the 'mature' pattern of intestinal permeability. This difference between the absorption of lactulose and L-rhamnose is much greater than would be expected for unmediated diffusion on the basis of molecular weight (342 and 164 Daltons respectively) unless restriction related to pore size is assumed. At least two pathways of unmediated permeation for polar molecules have been suggested, one with high capacity accommodating small molecules (180 Daltons and below),13 through which L-rhamnose, but not lactulose, could pass, and the other of low capacity capable of accommodating larger molecules including lactulose. These pathways have been ascribed to a population of small water-filled 'pores'14 of high incidence probably situated in cell walls, and a much lower incidence of larger channels thought in mature bowel to be chiefly paracellular and possibly associated with tight junctions.15-17 Changes in the capacity of these two routes of permeation caused, for example, by neonatal pinocytosis or disruption of the intracellular tight junctions would be reflected in the relative absorption of lactulose and Lrhamnose, conveniently expressed as the percentage urinary lactulose/L-rhamnose ratio after simultaneous oral administration of both sugars as a mixture. The lactulose molecule is very much smaller than most biological macromolecules. However, once a critical size has been exceeded, there is evidence that similar permeability patterns may be demonstrated using polysaccharides of molecular weight up to 3000. 15 Combination of both permeability markers in the same test system offers some important advantages. The patterns of intestinal permeability obtained from infants in the present study show interesting differences from those found in children and adults.
Urinary lactulose/L-rhamnose excretion ratios obtained from preterm neonates (group 1) on the second day of life are raised in comparison with ratios measured on day 9 and with adult ratios. That this is the result of an increase in the permeability of the bowel to lactulose rather than of decreased permeation of L-rhamnose is confirmed by data from those infants in group 1 who had timed urine collections in whom lactulose excretion was increased on day 2, L-rhamnose remaining unchanged between days 2 and 9.
This early increase in permeability to lactulose could theoretically result from impairment of the intestinal mucosal integrity associated either with 'immaturity' or with the traumas of birth. However, the infants from group 2 maintain a mature pattern for between 1 and 2 weeks after delivery, despite extreme prematurity. Their period of enhanced permeability is not manifest until 3-4 weeks of age.
